T h e proposed antenna is a Fresnel-zone-plate antenna (FZPA) antenna in the Ka band that scans the beam of a millimeterwave source. The antenna includes a semiconductor wafer (silicon, gallium arsenide) in which a spatially varying density of charge carriers is selectively established through selective optical illumination using a pulse laser. It is shown that the beam of the antenna can b e scanned through the s p a c e by reconfiguring the masking of the wafer. The beam scanning is done in the transmission mode. The analysis of the far-zone radiation characteristics is presented using Physical Optics. Results for the antenna gain, the efficiency, and the CO-and cross-polar patterns are given.
Introduction
n the past two years, extensive research has been camed out at I IRCTR (International Research Centre for Telecommunicationtransmission and Radar) at the Technical University in Delft, The Netherlands, in order to analyze and model the reflection and transmission coefficients of a semiconductor, i.e., doped silicon, under illumination of light [1] [2] . It was found that the charactenstics of a semiconductor material can be substantially changed once it is illuminated with light. The preliminary measurements, in a closed waveguide structure, show that there is a total reflection of millimeter-wave (MMW) and microwave (MW) power after the laser is turned on. The laser light causes a considerable change in the equivalent conductivity of the silicon wafer, changing it from an insulator to a good conductor.
This property of the semiconductor material can be used to realize an antenna that can form and scan the beam of a millimeterwave source. This paper gives the preliminary theoretical results on how such a property can be used to scan the beam based on the FZP (Fresnel-zone-plate) technique. The idea behind the Fresnel zone plate antenna (FZPA) is a well known concept, and it has been the topic of the research in many papers [3- Kirchhoff diffraction theory. The aim of this paper is to demonstrate the beam scanning of a Fresnel-zone-plate antenna using the photoconductivity concept. The antenna includes a semiconductor wafer, a light source, and a millimeter-wave source. The source is placed at the focal point of the Fresnel-zone-plate antenna. Beam scanning is achieved by masking the semiconductor wafer adaptively, using the light source. The part of the wafer that is illuminated by the light behaves more or less like a good conductor, and the wafer can thereby reflect or transmit the incident millimeterwave radiation. The change in the semiconductor's properties is caused by carrier generation using the light source. Since the optical masking can be reconfigured rapidly (due to the short camer lifetime of the semiconductor material), the beam can be scanned in space. Note that this paper does not cover the optical part of the antenna. It is assumed that the projection of the Fresnel zone plate on the wafer has already been done. The antenna is used in the transmission mode. The analysis is done at Ka band (35 GHz).
Preliminary Measurements on a Silicon Wafer
A silicon wafer, with a thickness of 0.3 mm, was bounded by two media in a closed waveguide stmcture. Two detectors were used to measure the reflection and transmission of the microwave and millimeter-wave source. A mirror and a lens were used to focus the laser light into the waveguide [2]. Complete reflection .. ~ occurred after the laser was tumed on. An odoff ratio of 20 dB was measured, and a carrier lifetime of 6 ps was measured. There was good similarity between the behavior ofthe theoretical and the measured results. The measurement results reported in [2] showed that in the reflection mode, after the laser was tumed on, the electromagnetic waves losses were of the order of 0.01 dB. For the transmission mode, the losses depended on the coating of the semiconductor material. More research is needed for measuring and analyzing the losses of the semiconductor material in the transmission mode. In the past, Woerdman [7] has experimentally generated a hologram on the silicon with a resolution of the order of 10 pm. This resolution is shalp enough to realize antenna ele--ments on the semiconductor material for beam scanning.
A laser pulse with an energy of I mllcm2 and a duration of 10 ps was used for the measurements. The power of the pulse laser is given by P = -----100 W/cmz . This means that for a wafer with area of 400 cml, an optical power of 40 kW is needed. In our measurements, it was shown that for a wafer with a thickness of 0.3 mm, only 30% of the power was needed to produce complete reflection. This means that an optical laser with a power of 12 kW satisfied the requirements. For a wafer with a radius of IO cm (used in this paper), an optical laser with a power of = 31.5 kW is needed. Note that this power is calculated as if the design illuminated the complete wafer. However, this is not the case, since for the heam-scanning Fresnel-zone-plate antenna, almost half of the area is used in both the reflection and transmission modes. It can be concluded that the antenna can he realized at Ka band with = 16 kW of laser power.
Tijd lOms 3. Fresnel-Zone-Plate Antenna Figure 1 shows the Fresnel-zone-plate antenna configuration. The Fresnel zone plate acts as a lens-like focusing element [S-121. It concentrates an incident plane wave to the focal point. In the transmitting mode, it converts a spherical wave into a plane wave.
As is shown in Figure 1 , the antenna is divided into zones, with a zone number m. The even zones (m is even) are transparent and the odd zones are blocked, or the other way around. Per the definition, the distance, p , from the feed to a point ( x , y ) in the mth zone obeys the following inequality:
where 1 is the wavelength and F is the focal distance. p is the distance from the feed to a point on the plate, given by is not zero, Equation (1) has to be modified to account for oblique incidence or transmission. To illustrate this, the cross section of the configuration for y = 0 is shown in Figure 3 .
Masking the Wafer
From Figure 3 , it can he seen that path length needs to be corrected by xsin (B,,,,) to scan the beam to (6',@)=(tJsca,,,00). Therefore, Equation (1) The zone number, m, for every point (r',@) on the wafer can be calculated from Equation (4) . This gives the following expression form:
where the substitution x=r'cos(@) is used. In order to scan the beam in the azimuthal plane, the parameter is added to rotate the masking. In this case, Equation ( For S , , , , =On, the masking function in Equation (7) gives a circular Fresnel-zone plate masking for the wafer. If the Scan direction is not normal to the wafer's surface ( S , , , #O'), the wafer masking becomes an elliptical Fresnel zone plate. Since the wafer has a limited size, the zones on the wafer are not always complete zones, and are truncated at the edge of the wafer. When the beam is scanned in the azimuth plane, the masking is rotated. Figure 4 illustrates the masking layout for different scanning angles at 35 GHz.
The Formulation of the Radiated Field -
In this section, Love's field-equivalence principle is used to derive the expression for the gain of the antenna [13] . To model the feed antenna, the following gain function is used [14] :
linearly y polarized, and that the wafer lies in the far zone of the feed antenna. The equivalent magnetic current, M , , is given by ~3 1 M, (r',#') = -2e, xE,(r',$') = -2e,E, (r',@).
(10)
Note that it is assumed that the electric field in the "apertures" is equal to the incident field (the Physical Optics approximation). h o t h e r assumption is that the only contribution to the far field is from the field in the open zones of the wafer.
The electric far field of the antenna is calculated using the magnetic auxiliary function, L . The electric auxiliary function, N , is zero. The two components of the auxilialy function L are given by
where n is the taper factor, and is the extend angle as shown in Figure 2 . The incident field from the feed on the wafer is given by where Inf is given by
where the mask function i s given by Equation (7). Figure 5 shows the masking layout for a wafer with a diameter of 20 cm at 35 GHz with focal distances of 9 cm and 40 cm. Figure 6 shows the antenna pattern for scanning the beam up to an elevation angle of e,,, = 20" using the masking given in Figure 5 . 
=is";--'--e,,,, =200.
Using Equations (13) and (14), the gain ofthe antenna is given by
(15)
Combining Equations (8) Tx Figure 9 . The geometry of the de-focused Fresnel-zone-plate antenna.
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Fresnel-zone-plate antenna created by displacing the feed antenna is analyzed. In this section, the two configurations are compared. The comparison is made for antennas with the same dimensions operating at the same frequency as in [16] . Figure9 shows the configuration of a defocused Fresnel-zone-plate antenna.
The difference between the geometry given in Figure 8 and the configuration in Figure 2 is that the feed in this case is displaced hy an angle and the Fresnel zone plate is fixed. The distance from the feed antenna to the center of the wafer is equal to the focal distance, F, and the feed is displaced in the x-I plane. Therefore, the scan curvature of the feed antenna is described by
The gain of the feed antenna is given by Equation (8 Using Equations (ll)-(l4), the total electric far field is the sum over the A4 transparent zones:
The gain is of the antenna is given by
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G(Q,d)=
where Tis a sum over an integral: (16) and (17) he approximately one meter, such that the Fresnel zone plate had complete zones and the last zone was a transparent zone. Therefore, the relation between the radius, R, of the wafer and the numher of the transparent zones, M, is given by Figure 10 shows the masking and Fresnel zone plate structure. The simulation results for the radiation patterns are shown in Figure 11 .
Comparing the results in Figure 11 reveals several differences between the two beam-scanning techniques. For a focal distance F =1.88m, the defocused Fresnel-zone-plate antenna has a higher gain. At the same time, the gain hardly decreases with increasing scanning angle. For F = 0.522 m, the antenna with variable Fresnel-zone-plate masking has a higher gain, and this decreases less than for the antenna with F = 1.88m. Another difference is that the main heam of the defocused Fresnel-zoneplate antenna is asymmetrical for a small focal distance. The beam of the antenna with variable Fresnel-zone-plate masking remains more symmetrical. The asymmetry and strong decrease in gain of the defocused Fresnel-zone-plate antenna can be understood as follows. If the focal distance is small compared to the size of the Fresnel zone plate, the amplitude distribution from the feed on the wafer becomes asymmetrical. This causes a decrease in gain and 
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The decrease in gain of the Fresnel-zone-plate antenna with variable masking can he explained as follows. A Fresnel-zoneplate masking with a high value of focal distance has large zones.
For Os, , it 0" , a large transparent zone lies at the center of the wafer. As the scan angle, Os, , , , increases, this is no longer the case. Since the power density is higher close to the center of the wafer, the gain decreases more with increasing scan angle for high values of focal distance.
Efficiency of the Antenna
The efficiency of the antenna is discussed in this section. The polarization efiiciency is discussed separately in the next section.
Area Efficiency
Not all of the incident power on the wafer is effectively used. Only the area of the open zones is used. The area efficiency, E~~~ is defined as the fraction of the wafer's area that is effectively 
Taper Efficiency
A uniform amplitude distribution on the wafer would produce the maximum gain. The taper efficiency, E~~~~~, is a measure of the gain reduction due to a nonuniform amplitude distribution. It is given as follows: 
Spillover Efficiency
The spillover efficiency, &sp,llow,, is the fraction of the total power radiated by the feed that is intercepted by the wafer:
power incident on wafer total power transmitted by feed
Using Equation (8) , the spillover efficiency is given by &spiiprllaver = 1 -cosn+' (vn), with v0 being equal to arctan(R/F). A number of simulations has been done to evaluate the performance of the efficiency as a function of elevation scanning angle. The behavior of the efficiency was almost the same. Table 1 shows the parameters used for the simulations. Note that only focused systems were analyzed. Therefore, varying the focal distance means changing the masking to correspond to another focal distance, and moving the feed to this new focal point. Table 2 shows the performance of different efficiencies as a function of elevation scanning angle for two different feed pattems. Figures 12 and 13 show the total efficiency as a function of the focal distance for ascan = 0 ' for several values of asCO,,, . The antenna has a low e aciency.
(32)
It is possible to increase the efficiency of the antenna by including phase-correcting zones, instead of transparenUblocking zones. In this case the zones that add 180" to the phase of the incoming field replace the blocked zones. This increases the efficiency, since all power incident on the Fresnel-zone plate is effectively used. This corresponds to an area efficiency of 100%. Introducing phase-correcting sub-zones can increase. the efficiency even more. These sub-zones have a phase correcting factor of less than IT radians. This increases the phase efficiency. 
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The two components of the electric far field are given by 
Conclusion
A beam-scanning antenna has been analyzed and designed at Ka band. The antenna is based on the principle of the Fresnelzone-plate antenna. The scanning of the beam is achieved by using a laser to project different patterns onto a wafer. The antenna can scan its beam in both the azimuth and the elevation planes. The sidelobe level is lower for an antenna with a smaller focal distance, and increases with increasing scan angle, S , , , What is known as the hybrid model for propagation loss in a coal-mine tunnel consists of a free-space model for propagation up to certain distances, and a waveguide model for propagation over longer distances. Each model has a different value for the propagation constant. While the free-space propagation constant can be determined fairly readily, the best value for the propagation constant for the waveguide model varies with the tunnel's specific attenuation factor (based on measurements), and the distance at which the crossover in using the two models occurs. In the Wireless Comer, edited by Tnli Herscovici and Christos Christodoulou, Bazil Taha Ahmed, Miguel Calvo Ramon, and Leandro de Haro Ariet study how the models behave as a function of these various parameters. The results show that some values of the propagation constant used in the past for the waveguide model are reasonable for certain ranges of the parameters, but that other values could he more appropriate for different ranges of the parameters.
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Thank You to Ernie Smith
Emie Smith has been an important contributor to the Magazine since it became a magazine. His Propagation Comer, and his solicitation of feature articles dealing with propagation, have played an important role in keeping the "P" in the "A&P" Magazine. I hope you will join me in thanking Emie for his more than 13 years of outstanding service to our Society in this capacity. Personally, his wise council and friendship have been invaluable. The good news is that although he will probably be making fewer technical contributions as he indicated in his column in the August issue, he has agreed to still provide us with news of the propagation community from time to time.
Editor's Comments Continuedfrombqe 8
The Antenna Designer's Notebook, edited by Tom Milligan, has two Contributions this time. The first, by J. C. Brkgains, F. Ares, and E. Moreno, considers circular aperture distributions that generate azimuthally symmetric pattems. The authors look at how the power pattem degrades as a function of measurement distance from the aperture ~ over distances ranging from the near field to the far field -for both real and complex continuous Taylor distributions in the aperture. The results show some potentially important effects of the measurement distance, including the fact that at near-field distances, the degradation ;in pattern in terms of sidelobe level and ripple is less for real distributions than for complex distributions. The second Antenna Designer's Notebook Contribution is by Simsek Demir, and it considers the design of wideband impedance-matching transformers. 'What is particularly useful about this Contribution is that it deals with the real-world limitations that exist on the available impedance levels of a transformer.
Can a patent application be simplified by incorporating material from other sources by reference? That is the question Lee Henderson answers in his Intellectual Propetty and Patent Abstracts column. There is a short answer, and a long answer, and you need to understand the long answer if you're contributing to the preparation of a patent application. We Welcome Bodo Reinisch I am very pleased to announce that Bodo Reinisch has agreed to join the Magazine staff in the role of Associate Editor for Propagation. In this role, he will support the "propagation" content of the Magazine, and take over primary responsibility for the Propagation Comer. Please welcome him, and offer him your help in keeping our Society informed of what is going on in the propagation field. Bodo is perhaps hest known for the development of the global Digisonde network, which provides real-time electrondensity profiles and other ionospheric characteristics worldwide, now via the Internet. More information can be found in the Propagation Comer in this issue.
Solutions for a Pentium 4 Bug and Other
Problems with the Digital Archive
Some users have reported problems with the ASTAware search engine used in the A € -S Digital Archive. According to Parity Computing, the company that helped to prepare the Digital Archive, there apparently is a problem with the version ofJava that Continued on page 45
